Summary
Introduction
Pulsatile tinnitus is a rare yet potentially disabling symptom that can have either vascular or nonvascular etiology. A recently described vascular cause is aneurysm of dural venous sinuses. To our knowledge, eight of such cases have been published, five of which were treated surgically and three were treated by endovascular approach. We describe one additional case treated successfully by endovascular coiling and review the current data on this subject.
Case Report
A 46-year-old right-handed woman presented with a six year history of right-sided pulsatile tinnitus that started acutely during exercise and was associated with a sharp pain above her right ear. Her symptoms worsened progressively to the point she needed to compress her right jugular vein in order to hear a conversation. Turning her head to the right side also improved the symptom. Her physical examination was unremarkable with the exception of a murmur heard on auscultation over the right temporal bone. She was referred by an ENT specialist for angiographic evaluation following a negative work-up including brain MRI and MRA. In addition to a high-riding right jugular bulb, a cerebral angiogram with a 3-D Dyna-CT showed a dominant right lateral sinus with an irregular venous aneurysm "diverticulum" at the proximal right sigmoid sinus measuring about 7.4 mm in its greatest dimension, with a 4.0 mm wide neck (Figure 1 ).
After appropriate consent was obtained from the patient, under general anesthesia and with systemic anticoagulation to keep the Active Clotting Time (ACT) two to three times its baseline, a 7-F guiding catheter was introduced by femoral approach and positioned into the high cervical portion of the right internal jugular vein. Through it, a single-lumen occlusion balloon catheter (Hyperform 7 mm × 7 mm, ev3 Neurovascular, Irvine, CA, USA) was positioned at the junction of the transverse and sigmoid sinuses, across the neck of the aneurysm. A SL-10 microcatheter (Boston Scientific Neu-follow-up at six months, the clinical improvement persisted and the cerebral angiogram showed minimal filling at the neck of the aneurysm without evidence of recanalization or major branch occlusion ( Figure 3) .
A phone conversation with her at 12 months revealed 90% improvement of her tinnitus compared to when she first came to see us. She was able to enjoy conversation and music with only a minimal continuous sound in the background. rovascular, Fremont CA, USA) was then maneuvered into the aneurysm fundus. The aneurysm was then obliterated using multiple platinum coils with intermittent balloon inflation to prevent coil encroachment on the parent vessel (Figure 2 ).
This procedure led to immediate improvement of her tinnitus by 80% and complete resolution of the temporal murmur. She was started on aspirin 325 mg daily for two weeks to decrease risk of sinus venous thrombosis. Upon during a second procedure for persistence of symptoms 1, 7, 8 . In all cases, tinnitus resolved after the procedure and no complication was mentioned. While some authors would make the case of surgical treatment to avoid venous thrombosis as a complication of endovascular procedure in a dominant sinus 5 , others would successfully prevent this possible complication by prescribing aspirin or clopidogrel for few weeks after the procedure 1, 9 .
Our patient underwent coiling without stent placement and was started on aspirin 325 mg daily after the procedure for two weeks. Her tinnitus improved by 80% immediately with sustained benefit at six and 12 months. There were no immediate or delayed complications. The lack of complete resolution of her tinnitus can be related to her right-sided dominant venous system 3 and/or her high-riding jugular bulb. Indeed, a case of symptomatic high-ridding jugular bulb treated with stent assisted coiling was published recently with complete resolution of tinnitus sustained at 15 months and without complications 9 . In another series, five of seven patients with tinnitus secondary to high jugular bulb with dehiscent middle ear floor were treated by surgical reconstruction of the middle ear floor and had an improvement or resolution of their complaints 10 .
In conclusion, aneurysms of dural venous sinuses should be considered and looked for in the work up of pulsatile tinnitus. Although there are not enough data to support endovascular treatment versus surgery, the limited available literature does show resolution of tinnitus after treatment of these venous aneurysms with either approach. Choosing the appropriate therapy depends on available resources, localization of the aneurysm and its relation to surrounding structures, the architecture of the venous system, and the risk of bleeding versus thrombosis.
Discussion
Pulsatile tinnitus can be quite debilitating, as in our patient who needed to compress her right jugular vein to hear a conversation. It is usually vascular in origin and results from turbulent flow secondary to increased volume or irregular vascular lumen.
The pulsatile tinnitus is likely from arterial origin when it worsens with gentle compression of the ipsilateral jugular vein, whereas it is likely from venous origin if improves with such compression or with head rotation in the direction of the tinnitus as both maneuvers decrease the jugular flow 1 .
The most frequent arterial causes of pulsatile tinnitus include atherosclerotic carotid artery disease, arteriovenous fistula, persistent stapedial artery and aberrant internal carotid artery. Well known causes of venous tinnitus include benign intracranial hypertension, compression of the internal jugular vein by the atlas lateral process, presence of abnormal mastoid emissary vein 1 and a high jugular bulb 2 . In some cases, only ipsilateral dominance of the venous system could be identified as a potential cause 3 . Described almost a decade ago, aneurysms of the transverse-sigmoid sinuses have also been incriminated and even reported as the most frequent cause of venous tinnitus in some series 4 . Their treatment seems to neutralize the tinnitus 1 .
In previous publications, eight patients were reported complaining of pulsatile tinnitus likely secondary to a transverse-sigmoid sinus aneurysm. Five were treated surgically 5, 6, 3 with durable resolution of the tinnitus upon followup at three months. Three patients were treated by endovascular procedure: one underwent coiling alone, another stent and coiling during the same procedure, and a third initially underwent stent placement alone followed by coiling 
